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© Liquid crystal compound and method of manufacturing the same, liquid crystal composition 
containing the same and liquid crystal display device. 



© A compound represented by formula 

Ra ( O } 4-Ar-X-<^cT> ( O-frrr— Rb 



In the formula, Ar represents 



< 

Lf) 
CO 



in 

CN 
CO 



a. 

LU 



or 




and each of Ra and Rb independently represents an optically non-active aikyl group or an optically active 
group having an asymmetric carbon atom. Either Ra or Rb is the optically active group. X represents 



$ -O- or -O- ^ Each of I and m represents 0 or 1 . 
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Liquid crystal compound and method of manufacturing the same, liquid crystal composition contain- 

ing the same and liquid crystal display device 

The present invention relates to a novel liquid crystal compound and a method of manufacturing the 
same and more particularly, to a ferroelectric liquid crystal compound which can exhibit chiral smectic C 
phase and a method of manufacturing the same. The present invention also relates to a liquid crystal 
composition containing such a liquid crystal compound, and a liquid crystal display device. 
5 Liquid crystals are widely used as the best display material for small flat panel display devices such as 

portable calculators and time pieces. Recently, liquid crystals are also used in automobile displays and 
personal computer displays. In addition, liquid crystals have now begun to be used in moving image 
displays such as small liquid crystal television sets. 

Twisted nematic liquid crystals are conventionally used in portable calculators, time pieces, and the like. 
;o In display systems using these liquid crystals, however, a response speed is unsatisfactory, and cross-talk 
is produced. Therefore, it is difficult to apply these liquid crystals to displays such as large screen displays 
which must have a high response speed. y 

In order to solve the above problems, a display system such as an active matrix display system using a 
thin film transistor has been developed. However, a manufacturing cost of devices adopting such a display 

75 system is high. ' 

For these reasons, as a display system capable of replacing the display system using twisted nematic 
liquid crystals, a display system using a ferroelectric liquid crystal was reported by R. B. Mayer et al. in 
1975 and has attracted a great deal of attention. This display system has a higher response speed than 
those of the conventional systems, and a memory effect. Ferroelectric liquid crystals used in this system 
must have a chiral smectic C phase. A number of such ferroelectric liquid crystals are conventionally 
known. 

The conventional ferroelectric liquid crystals are. however, unstable with respect to moisture in air or 
light, and have narrow temperature ranges within which chiral smectic C phase appears. Therefore, 
applications of these liquid crystals are limited. 

It is therefore, an object of the present invention to provide a novel liquid crystal compound exhibiting 
chiral smectic C phase over a wide temperature range and good thermodynamic stability, and method of 
manufacturing the same. 

It is another object of the present invention to provide a liquid crystal composition containing such a 
liquid crystal compound and a liquid crystal display device. 

According to the present invention, there is provided a compound represented by formula: 
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Ra(Q)t-Ar-X>(o) (Oftn— 



Rb 



where Ar represents 



or 




each of Ra and Rb independently represents an optically non-active alkyl group or an optically active group 
having an asymmetric carbon atom, with the proviso that one of Ra and Rb is the optically active group, X 
represents 

- (?! -O or -O- % -, and each of £ and m represents 0 or 1 . 

The liquid crystal compounds of the present invention in which X represents 

- ? -O- in the above formula can be manufactured by reacting a carboxylic acid represented by formula: 
Ra(0)t-Ar-COOH 

where Ra. Ar and J_ are as defined above, or its reactive derivative, with a hydroxy compound represented 
by formula: 
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Rb(0) m -<(0)>-OH 



where Rb and m are as defined above. 

The liquid crystal compound of the present invention in which X represents 



-O- £ - is manufactured by reaction of a hydroxy compound represented by formula: 
Ra(0)t-Ar-OH 

where Ra, Ar and I are as defined above with a carboxylic acid represented by formula: 



Rb ( O ) m-<^cT) -COOH 



where Rb and m are as defined above or its reactive derivative. 

The liquid "crystal composition of the present invention contains 5 to 90% by weight, preferably 10 to 
60% by weight, of the liquid crystal compound of the present invention. 

The liquid crystal display device of the present invention comprises a pair of electrode substrates 
arranged to oppose each other with a predetermined interval, at least one of them being transparent, and 
the liquid crystal composition containing the liquid crystal compound of the present invention arranged 
between the electrode substrates. 

This invention can be more fully understood from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a sectional view showing a basic arrangement of a liquid crystal display device; 
Figs. 2-3 and 7-8 are graphs showing characteristics of compounds of the present invention; 
Figs. 4 and 5 are graphs showing characteristics of a conventional compound; and 
Fig. 6 is a graph showing an NMR spectrum of a compound according to an embodiment of the 
present invention. 

As described above, the liquid crystal compound of the present invention is represented by formula: 

Ra(0)a,-Ar-X-<^O^> (O-hn— Rb . . - (A) 

In formula (A), Ar represents 



40 




or 



as X represents 

- ^ -O- or -0-? and each of I and m independently represents 0 or 1. 

Each of Ra and Rb is independently an optically non-active alkyl group or an optically active group 
having an asymmetric carbon atom, and either Ra or Rb is the optically active group. When Ra or Rb is the 
so optically non-active alkyl group (i.e., an alkyl group having no asymmetric carbon atom), it is preferably a 
straight-chain alkyl group having 3 to 18 carbon atoms in order to widen a temperature range within which 
chiral smectic C phase appears. Most preferably, the straight-chain alkyl group has 4 to 14 carbon atoms. 

When Ra or Rb is the optically active group, it is preferably an optically active alkyl or substituted alkyl 
group having asymmetric carbon atom C" represented by formula: 

55 
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-iCH2-fn— 9*— R 2 (B) 

^3 

where each of R 1 . R 2 and R 3 independently represents an alkyl group (preferably, an alkyl group having 1 to 
18 carbon atoms), halogen, cyano, perfluoroalkyt (preferably, a perfluoroalkyl group having 1 to 18 carbon 
atoms) or a hydrogen atom, R\ R 2 and R 3 satisfying conditions R 1 # R 2 , R 2 # R 3 and R 3 # R 1 at the same 
time, and n represents an integer from 0 to 15 (preferably. 0 to 8). Usually 2-methylbutyl group and 2-octyl 
group are used. 

A compound of the present invention represented by formula (A) has a wide temperature range (about 
50* C to about 150* C) within which chiral smectic C phase appears, and is a ferroelectric liquid crystal- 
More specifically, a compound of the present invention represented by formula (A) includes compounds 
75 represented by formulas: 



70 



20 



25 



R*(Q)2,-<fo5^^ (A ~ 2) 



30 R* 



R(0)r(o^2) x "®" (0)mR * (A " 3) 

? 

(O)i-<o5— ^^X-<o)-(0) m R 



... (A-4) 



where R represents the optically non-active alkyl group, R* represents the optically active group, and X, _t 
and m are as defined above. 

A~method of manufacturing the compound of the present invention will be described below. 
A compound represented by formula (A) in which X is 



is^nanufactured by reaction of a carboxylic acid represented by formula: 
" — BaXO^t^Ar-COOH (C) 

40 (wherein Ra, Ar and t are as defined above) or its reactive derivative (preferably, an acid chloride) with a 
hydroxy compound represented by formula: 

Rb(0)m~<^0^-OH ... (D) 

45 

(wherein Rb and m are as defined above). Preferably, a carboxylic acid represented by formula (C) is first 
made to react with thionyl chloride by a conventional method to convert it into a corresponding acid 
chloride represented by the formula: 
so. Ra(0)t-Ar-COCt (C-1) 

By reaction of the above acid chloride with a hydroxy compound represented by formula (D) in pyridine, a 
desired compound can be prepared. 

A liquid crystal compound of the present invention represented by formula (A) in which X represents 

55 -O- ^ -is manufactured by reaction of a hydroxy compound represented by formula: 
Ra(0)t-Ar-OH (E) 

(wherein Ra, Ar and I are as defined above) with a carboxylic acid represented by formula: 
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Rb ( O ) m -<^Q^> -COOH ... (F) 

(wherein Rb and m are as defined above) or its reactive derivative (preferably, an acid chloride). Preferably, 
a carboxylic acidTepresented by formula (F) is first made to react with thionyl chloride by a conventional 
method to convert it into a corresponding acid chloride represented by the formula: 

Rb(0)m-<^O^>-C0Ci ... (F-l) 



By reaction of the above acid chloride with a hydroxy compound represented by formula (E) in pyridine, a 
desired compound can be prepared. 

A method of manufacturing compounds (C) to (F) as starting compounds in the above reactions will be 
75 described below assuming that each of _t_ and m is 1. 



Compound of Formula (C) 

This compound can be manufactured by the following reaction route: 



25 



30 



35 



40 




More specifically, 2-hydroxyfluorene (II) is synthesized from commercially available fluorene (I) by, e.g., 
a 3-stage reaction described in Org. Synth., 1933, 13, 74. Then, the compound of formula (II) is made to 
react in accordance with a method described by C. H. Coak et al.. in J. Org. Chem., 1954, 19, 628 to 
prepare compound (III). Compound (III) is made to react in accordance with a method described by G. W. 
50 Gray et al., in J. Chem. Soc. 1957, 3228 to prepare compound (C-a) represented by formula (C) in which 
Ar represents 




A compound of formula (C) in which Ar represents 
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can be prepared by oxidizing a compound of formula (V), followed by treating with NaOBr. This oxidation 
can be performed by a conventional method using sodium bichromate or ammonium bichromate in acetic 
acid. The present inventors, however, have found that this oxidation can be efficiently performed by blowing 
oxygen-containing gas (e.g., O2. air) into the basic solution of the compound such as a sodium hydroxide 
10 solution to manufacture a desired compound with high yield. 



Compound of Formula (D) 
75 This compound can be manufactured in accordance with the following reaction route: 



20 



25 



RbOH 
(VII) 



cao2S- 



•CH3 



RbOS02 
(VIII) 



RbO 




30 



More specifically, aikanol of formula (VII) is made to react with p-toluenesulfonyl acid chloride in 
pyridine to produce aikanol ester of p-toluenesulfonic acid (VIII). This compound is made to react with 
hydroquinone to prepare a compound of formula (D). 



35 



Compound of Formula (E) 

This compound can be manufactured by the following route: 
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C402S— (0V-CH3 
RaOH ^ RaOS0 2 

(IX) 



RbO 



RbO 



55 




OH 



More specifically, aikanol of formula (IX) is made to react with p-toluenesulfonyl acid chloride in pyridine 
to produce aikanol ester of p-toluenesulfonic acid (X). By reaction of this compound with 2.7-dihydrox- 
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yfluorene, compound (E-a) of formula (E) in which Ar represents 



10 



15 



20 



25 



30 



35 



45 



can be prepared. 

By oxidizing compound (E-a) following the same procedures as described above, compound (E-b) of 
formula (E) in which Ar represents 




can be prepared. 
Compound of Formula (F) 

This compound can be manufactured by reaction of a compound of formula (VIII) with p-hydroxyben- 
zoic acid in the presence of potassium hydroxide: 



(VIII) 




KOH 




The compounds of the present invention have a wide temperature range within which chiral smectic C 
phase appears and good thermodynamic stability. Therefore, by mixing two or more types of the 
compounds of the present invention or blending the other ferroelectric liquid crystal, a liquid crystal 
composition applications of which are less limited can be provided. The liquid crystal composition of the 
present invention contains 5 to 90% by weight, more preferably 10 to 60% by weight (total) of one or more 
of the compounds according to the present invention. 

Referring to Fig. 1, a liquid crystal display device will be described. This liquid crystal display device 
has a pair of electrode substrates 11 and 12 arranged to oppose each other with a predetermined interval 
by sealing material 13 and spacer 15. At least one of electrode substrates 11 and 12 is transparent. 
Electrode substrates 11 and 12 have structure that transparent electrodes 1 1b, 12b are formed on glass 
40 substrates 11a and 12a, and insulating layers 11c, 12c subjected to an orienting treatment are formed on 
electrodes 1 lb and 12b. The electrode substrates 11, 12 are arranged such that electrodes 11b, 12b face 
each other. 

Liquid crystal composition 14 of the present invention is filled in a closed space between the electrode 
substrates. 

Electrodes 11b and 12b are connected to drive source 15 for driving composition 14. 
The present invention will be described below by way of its examples. 



Example 1 

First, 7-n-octyloxyfluorene-2-carboxylic acid was synthesized by a conventional method. 33.8 g (0.1 
mol) of 7-n-octyloxyfluorene-2-carboxylic acid and 60 m t of thionyl chloride were refluxed under stirring for 
five hours. Then, excess thionyl chrolide was removed by evaporation and the residue product was 
recrystallized from n-hexane, thereby preparing 27.8 g (yield = 78%) of a white crystal (acid chloride). 

By a reaction between p-toluenesulfonate of (-)-2-methyl-l -butanol and hydroquinone, optically active p- 
2-methylbutyloxyphenol was synthesized. 

Subsequently, a solution prepared by dissolving 10.8 g (0.06 mol) of optically active 2-methylbutylox- 
yphenol in 10 ml of pyridine was dropped in a solution prepared by dissolving 20 g (0.056 mol) of the 
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above acid chloride in 80 ml of pyridine over ten minutes, and then the resultant mixture was heated under 
stirring in an oil bath at 90 *C for four hours. Thereafter, this pyridine solution was cooled to room 
temperature and poured into 500 mt of ion-exchanged water to precipitate a product. Then, the resultant 
precipitate was filtered and subjected to column purification using a column in which 500 g of 10% water- 

5 containing silica gel and toluene were filled. The elution solvent was toluene. The obtained roughly purified 
product was recrystailized twice from ethanol to prepare 15.4 g (yield = 55%) of a white needle crystal. 

The prepared white needle crystal was dissolved in deuteriochioroform and an NMR spectrum was 
measured. In addition, elemental analysis of the white needle crystal was performed to obtain a result of C : 
79.5, H : 8.1 and O : 12.6 (calculated values are C : 79.20. H : 8.00 and O : 12.80). 

io From the NMR spectrum and the elemental analysis, this white needle crystal was confirmed to be 7-n- 
octyloxyfluorene-2-carboxylic acid 4-(2«methylbutyroxy) phenyl ester represented by formula (A-1) wherein 
R represents n-C 8 Hi 7 . R* represents: 



Examples 2 - 5 

0.1 mol of each of 7-n-heptyloxyfluorene-2-carboxylic acid. 7-n-nonyloxyfluorene-2-carboxylic acid, 7-n- 
25 decyloxyfluorene-2-carboxylic acid, and 7-n-undecyloxyfiuorene-2-carboxylic acid were used instead of 7- 
octyloxyfluorene-2-carboxylic acid to perform a reaction following the same procedures as in Example 1, 
thereby synthesizing optically active chiral 7-n-heptyloxyfluorene-2-carboxylic acid 4-(2-methylbutyroxy)- 
phenyl ester, 7-n-nonyloxyfluorene-2-carboxylic acid 4-(2-methylbutyroxy)phenyl ester, 7-n- 
decyloxyfluorene-2-carboxylic acid 4-{2-methylbutyroxy)phenyl ester, and 7-n-undecyloxyfluorene-2-carbox- 
30 ylic acid 4-(2-methylbutyroxy)phenyl ester. From an NMR spectrum and elemental analysis, each of these 
compounds was confirmed to have a structure represented by formula (A-1) wherein each of £ and m 
represents 1 . 

35 Examples A & B 

Of the five liquid crystal compounds synthesized in Examples 1 to 5, three liquid crystal compounds 
listed in Table 1 were mixed at weight ratios shown in Table 1, and phase transition temperatures of 
obtained mixtures C — SmC". SmC — SmA and SmA — I were measured. The result is shown in Table 1. 
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-CH2-C*-CH2CH 3 




and each of i and m represents 1 . 
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Examples 6-10 

7-n-hexyloxyfluorene-2-carboxylic acid, 7-n-octyloxyfluorene-2-carboxylic acid, 7-n-decyloxyfluorene-2- 
carboxylic acid. 7-n-dodecyloxyfluorene-2-carboxylic acid and 7-n-tetradecyloxyftuorene-2-carboxylic acid 
were reacted with optically active p-(2-methyibutyroxy)phenol following the same procedures as in Example 
1 , thereby synthesizing compounds represented by formula: 



30 



RnO 




OR* 



where Rn represents a straight chain alky! group having n number of carbon atoms. Phase transition 
temperatures of these compounds are shown in Table 2 below. 

Table 2 



Ex . NO . 


R* 


n 


Phase Transition 
Temperature (°C) 


C ■* SmC* 


SmC* -» SmA 


SmA -* I 


6 




6 


119 


(87) 


208 


7 


8 


117 


(109) 


201 


8 


•»^*^-.^ 


10 


115 


137 


194 


9 


12 


91 


144 


187 


10 


14 


86 


143 


183 



Examples 11-13 

7-n-decyloxyfluorene-2-carboxylic acid, 7-n-dodecyloxyfluorene-2-carboxylic acid and 7-n- 
40 tetradecyloxyfluorene-2-carboxylic acid were made to react with optically active p-(2-octyroxy)phenol 
following the same procedures as in Example 1. thereby synthesizing compounds represented by formula: 

.0 

RnO-^o^-^o; 

Xk O — < O ) — OR* 




where Rn represents a straight chain alkyl group having n number of carbon atoms. Phase transition 
50 temperatures of these compounds are shown in Table 3 below. 
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Table 3 



Ex . No . 


R* 


n 


Phase Transition 
Temperature (°C) 




C -» SmC* 


SmC* -» SmA 


SmA -» I 


11 




10 


86 .6 


122.5 


149.3 


12 




12 


87 .8 


130. 3 


146 .2 


13 




14 


81 ,9 


127.4 


140.9 



A relationship between spontaneous polarization Ps and a temperature (T-Tc) of these compounds is 
shown in Fig. 2, and a relationship between a tilt angle and the temperature (T-Tc) is shown in Fig. 3. 

For purpose of comparison, a relationship between spontaneous polarization Ps and a temperature (T- 
Tc) of a compound represented by formula: 



20 




25 (wherein n represents 10, 12 or 14) is shown in Fig. 4, and a relationship between a tilt angle and the 
temperatuTe (T-Tc) thereof is shown in Fig. 5. 

Example 14 

30 

An optically active 7-(2-octyloxy)-f1uorene-2-carboxylic acid was prepared in accordance with a method 
described by G. W. Gray et al. in J. Chem. Soc, 1957. 3228 using optically active 2-octyl bromide instead 
of the n-alkyl bromide. The obtained carboxylic acid and 4-n-octyl phenol were reacted as in Example 1 to 
prepare a white crystal with a yield of 87%. The white crystal was confirmed to be optically active 7-(2- 
35 octyloxy)-fluorene-2-carboxylic acid 4-n-octyl phenyl ester by the NMR and elemental analyses. 



Example 15 

Optically active 7-n-octyloxy-fluorene-2-carboxylic acid 4-(2-octyl)phenyl ester was prepared by reacting 
7-n-octyloxy-fluorene-2-carboxylic acid with optically active 4-(2-octy!)phenol as in Example 1. 



Example 16 

45 

According to a known method, optically active 2-octyl bromide and 2.7-dihydroxyfluorene were reacted 
in ethanol in the presence of potassium hydroxide. The resultant reaction mixture was purified by a column 
chromatography and recrystallization to obtain optically active 2-hydroxy-7-(2-octyloxy)-fluorene. 

The obtained optically active 2-hydroxy-7-(2-octyloxy)-fluorene and 4-n-nonyl benzoic acid chloride 
50 were reacted in pyridine. The resultant reaction mixture was purified by a column chromatography and 
recrystallization to obtain a while needle crystal. The NMR and elemental analyses indicated that the needle 
crystal was optically active 4-n-nonyl benzoic acid 7-(2-octyloxy)-2-fluorene ester. 

55 Example 17 

2-acetyl-7-n-octyloxyfluorene was prepared by the known method. 

The obtained 2-acetyl-7-n-octyloxyfluorene, 5.00 g, was dissolved in 200 mt of methyl ethyl ketone. 
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3.00 g of potassium hydroxide were added to the solution at room temperature under stirring while blowing 
air into the solution at atmosphere, and the resultant solution was further stirred for 3 hours at room 
temperature. Then the solution was neutralized with hydrochloric acid to form a precipitate. The precipitate 
was collected and recrystallized twice from ethanol to obtain 4.17 g (yield of 80%) of a yellow needle 
5 crystal. 

The obtained crystal was dissolved in deuteriochloroform, and an NMR spectrum was measured. In 
addition, elemental analysis of the crystal was performed to obtain a result of C : 78.9, H : 7.3, O : 13.9 
(calculated values are C : 78.86, H : 7.43, O : 13.71). 

From the NMR spectrum and elemental analysis, the yellow needle crystal was confirmed to be 2- 

/o acetyl-7-n-octyloxyfluorenone in which the methylene group bridging the two benzene rings of the raw 
material 2-acetyl-7-n-octyloxyfluorene has been oxidized into ketone. 

The obtained 2-acetyl-7-n-octyloxyfluorenone was subjected to oxidation of its acetyl group in accor- 
dance with a method described by G. W. Gray in J. Chem. Soc. 1957, 3228 to obtain 7-n- 
octyioxyfluorenone-2-carboxylic acid. 

75 Then, 1.75 g (0.005 mol) of 7-n-octyfoxyfluorenone-2-carboxylic acid and 10 ml of thionyl chloride were 

refluxed under stirring for an hour. Subsequently, excess thionyl chloride was removed by evaporation, and 
the resultant material was recrystallized from n-hexane, thereby obtaining 1.76 g (yield = 75%) of a 
yellowish white crystal (acid chloride). 

Then, a solution prepared by dissolving 0.947 g (5.26 x 10" 3 mol) of 4-( + )-2-methylbutoxyphenol in 5 

20 mt of pyridine was dropped in a solution prepared by dissolving 1.39 g (3.75 x 10 3 mol) of the acid 
chloride in 10 mt of pyridine over five minutes, and then the resultant solution was heated under stirring in 
an oil bath at 90 ' C for four hours. This pyridine solution was cooled to room temperature and poured into 
500 mt of ion-exchanged water to precipitate a product. The produced precipitate was filtered and 
recrystallized three times from ethanol to obtain 1.55 g (3.01 x 10" 3 mol, 80%) of a yellow needles. 

25 Elemental analysis of the crystal was performed to obtain a result of C : 77.1, H : 7.5 and O : 1 .52 
(calculated values are C : 77.04. H : 7.39 and O : 15.56). Fig. 6 shows an NMR spectrum of a 
deuteriochloroform solution of the crystal. 

From the NMR spectrum and the elemental analysis, as well as the IR spectrum and the MS spectrum, 
the yellow crystals were confirmed to be 7-n-octyloxyfluorenone-2-carboxylic acid 4-( + )-2-methylbutox- 

30 yphenyl ester represented by formula (A-3) wherein R represents n-C 8 Hi 7 , R" represents: 

-CH2-C*-CH 2 CH3 

35 



and each of t and m represents 1. 



40 Examples 18 - 22 

0.1 mol of each of 7-n-hexyloxyfluorenone-2-carboxylic acid, 7-n-nonyloxyfluorenone-2-carboxylic acid, 
7-n-decyloxyfluorenone-2-carboxylic acid, 7-n-dodecyloxyfluorenone-2-carboxylic acid and 7-n- 
tetradecyloxyfluorenone-2-carboxylic acid were used instead of 7-n-octyloxyfluorenone-2-carboxylic acid to 

45 perform a reaction following the same procedures as in Example 17, thereby synthesizing optically active 7- 
n-hexyloxyfluorenone-2-carboxylic acid 4-( + )-2-methylbutoxyphenyl ester, 7-n-nonyloxyfluorenone--2-car- 
boxylic acid 4-( + )-2-methylbutoxyphenyl ester, 7-n-decyloxyfluorenone-2-carboxylic acid 4-( + )-2-methyl- 
butoxyphenyl ester, 7-n-dodecyloxyfluorenone-2-carboxylic acid 4-( + )-2-methylbutoxyphenyl ester and 7-n- 
tetradecyloxyf!uorenone-2-carboxylic acid 4-( + )-2-methylbutoxyphenyl ester. From an NMR spectrum, 

50 elemental analysis, an IR spectrum and a mass spectrum, each of these compounds was confirmed to have 
a structure of formula (A-3) wherein each of t and m represents 1 . 



Examples C - G 

Of the six liquid crystal compounds synthesized in Examples 17 to 22. three liquid crystal compounds 
listed in Table 4 were mixed at weight ratios shown in Table 4, and phase transition temperatures of 
ootained mixtures C - SmC*. SmC* - SmA and SmA - I were measured. The result is shown in Table 4. 
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Examples 23 - 27 

7-n-hexyloxyfluorenone-2-carboxylic acid. 7-n-octyloxyfluorenone-2-carboxylic acid, 7-n- 
decyloxyfluorenene-2-carboxylic acid, 7-n-dodecyloxyfluorenone-2-carboxylic acid and 7-n- 
tetradecyloxyfluorenone-2-carboxylic acid were reacted with optically active p-(2-methylbutyloxy)phenol 
following the same procedures as in Example 17, thereby synthesizing compounds represented by formula: 



RnO 



15 




OR* 



20 



(wherein Rn represents a straight chain alky) group having n number of carbon atoms). Phase transition 
temperatures of these compounds are shown in Table 5 below. 

Table 5 



25 



30 



35 



Ex . No . 


R* 


n 


Phase Transition 
Temperature (*C) 


C SmC* 


SmC* -* SmA 


SmA -» I 


20 


— n|5^\ 


6 


100 


125 


157* 


21 


8 


101 


140 


158 


22 


10 


112 


157 


166 


23 


12 


104 


158 


163 


24 


14 


95 




147 



This compound has cholesteric phase at a high- 
temperature portion of an SmA phase. 



40 



Examples 28 - 30 



7-n-decyloxyfluorenone-2-carboxylic acid, 7-n-dodecy!oxyfluorenone-2-carboxylic acid and 7-n- 
tetradecyloxyfluorenone-2-carboxylic acid were reacted with optically active p-(2-octyroxy)phenol following 
45 the same procedures as in Example 17, thereby synthesizing compounds represented by formula: 



50 



RnO 




OR* 



(wherein Rn represents a linear alkyl group having n carbon atoms). Phase transition temperatures of these 
55 compounds are shown in Table 6 below. 
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Table 6 



Ex . No . 


R* 


n 


Phase Transition 
Temperature (°C) 


C -» SmC* 


SmC* -> SmA 


SmA ■+ I 


25 




10 


81.0 


117.5 


126.7 


26 


12 


80.9 


122.5 


125.9 


27 


14 


79.0 




115.0 
(SmC* ■+ I) 



15 A relationship between spontaneous polarization Ps and a temperature (T-Tc) of these compounds is 

shown in Fig. 7, and a relationship between a tilt angle and the temperature (T-Tc) thereof is shown in Fig. 
8. 



20 Example 31 

Optically active 7-(2-octyloxy)-fluorenone-2-carboxylic acid was prepared in accordance with a method 
described by G. W. Gray et al. in J. Chem. Soc, 1957, 3228 using an optically active 2-octyl bromide 
instead of the n-alkyl bromide. The obtained carboxylic acid and 4-n-octyl phenol were reacted as in 
25 Example 17 to prepare yellow needles with a yield of 85%. The needles were confirmed to be optically 
active 7-(2-octyloxy)-fluorenone-2-carboxylic acid 4-n-octyl phenyl ester by the NMR and elemental analy- 
ses. 

30 Example 32 

According to a known method, optically active 2-octyl bromide and 2,7-dihydroxylfluorenone were 
reacted in ethanol in the presence of potassium hydroxide. The resultant reaction mixture was purified by a 
column chromatography and recrystallization to obtain optically active 2-hydroxy-7-{2-octyloxy)-fluorenone. 
35 The obtained optically active 2-hydroxy-7-(2-octyloxy)-fluorenone and 4-n-nonyl benzoic acid chloride 

were reacted in pyridine. The resultant reaction mixture was purified by a column chromatography and 
recrystallization to obtain yellow needles. The NMR and elemental analyses indicated that the needles were 
optically active 4-n-nonyl benzoic acid 7-(2-octyloxy)2-fluorenone ester. 

40 

Example H 

As shown in Table 7, ten ferroelectric liquid crystal compounds including the liquid crystal compounds 
of the present invention were mixed to prepare a liquid crystal composition. A temperature range in which 
45 this liquid crystal composition exhibited the chiral smectic C phase was -10* C to 95 C. 
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Table 7 



No. 


Structural Formula 


wt% 


1 


CH 3 (CH2)70-<O >-(0>X / — v , 

N — ' N — x o-/Oy-o "i^"^^ 


10 . 0 


2 


CH 3 (m 2 )90-<fo>\O)>-^ 0 / — \ , 


10.0 


3 


N ' N ' \0-^O)-(CH 2 ) 7 CH 3 


10 . 0 


4 


/ — V 

CH3(CH 2 )8KO>-< ^-<V-\ , 

N — x o-<(Oy-(0/- 0 ->-^^ 


10.0 


5 


CH 3 (CH 2 ) 7 0-<O)< /—x , 

n — / x o-{oy~^\^^^ 


5.0 


6 


/ — V 

CH 3( CH 2)6 ^0>< 0 _ <@ ^ 


5.0 


7 


CH 3( CH 2) 3-<O>< 0 _ < g^ 


5 . 0 


a 
o 


/-N , , * 

"—"3 v *- n 2 J 7 




9 


CH 3 ( CH 2 ) 7 -<0 HO >Hi^-^ 
^ — N N ' 


15.0 


10 


CH 3 ( CH 2 ) 5 -0-<^|>-^o}-0 4- ~- 


10.0 



A liquid crystal cell having a structure as shown in Fig. 1 was manufactured using the liquid crystal 
composition of Example H. An orienting treatment was performed by coating a 2.5% solution of polyimide 
JIB available from Japan Synthetic Rubber Co.. Ltd. on a substrate and then drying and rubbing the 
coating. A response speed of this cell was 250 us at room temperature (25* C). 



Example I 

As shown in Table 8, ten ferroelectric liquid crystal compounds including the liquid crystal compounds 
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of the. present invention were mixed to prepare a liquid crystal composition. A temperature range in which 
this liquid crystal composition exhibited the chiral smectic C phase was -5 C to 100 C. 

Table 8 



No. 


Structural Formula 


wt% 


1 


ch 3 ( ch 2 ) io-(p)-^a)^° /— % , 

> — / N — / \o-<^0)-oHk^ 


10.0 


2 


CH-a ( CHo ) 7-0-/ H H f)\-^ > , 


10.0 


3 


CH-j ( CHo ) ^O-ZcTV/O^-^ / v 


10.0 


4 


' N ' X 0-<^Oy-(C H 2)7CH3 


10.0 


5 




5 . 0 


o 




5 . 0 


7 


CH 3 ( CH 2 ) 7 -<^>-<(0 ^-<O)-04— 

\ / > — N 


20.0 


8 


CH 3 ( CH 2 ) 5-<0^-<0)-^ 


5.0 


9 


CH 3 ( CH 2 ) 9 -<0 K O >"V^^ 
\_N > ' 


15.0 


10 


CH 3 ( CH 2 ) 5-0-<^O^-<(o}-04^^ 


10.0 



A liquid crystal cell was manufactured using the above liquid crystal composition following the same 
procedures as in Example H. A response speed of this cell was 265 us at room temperature (25 C). 



Example J 
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As shown in Table 9 below, ten ferroelectric liquid crystals including the liquid crystal compounds of the 
present invention were mixed to prepare a liquid crystal composition. A temperature range in which this 
liquid crystal composition exhibited the chiral smectic C phase was -5 C to 90 C. 

Table 9 



10 


No. 


Structural Formula 


wt% 


15 


1 


0 
1 

CH 3 (CH2)70-/O><O^^ /— \ | 

N ' N f X OH(Oy-(CH2)7CH3 


10 . 0 




2 


10.0 


20 


3 


10.0 


25 


4 


CH-a ( CH-5 ) a-/c*)\-^ s—<^^> <. 


10 . 0 


30 


c 




5 . 0 


35 






5 . 0 




7 


CH3(CH 2 )3^0>^° * 


5.0 


40 


8 


CH 3 (CH 2 ) 7-<^O^-<(o)-0— 


20.0 


45 


9 


/-N /— x , 
CH 3 (CH 2 ) 9 -<0 HOH^ w 


15 . 0 


50 


10 


CH 3 (CH 2 ) 5 -0-(O H^)-04^— 


10.0 



A liquid crystal cell was manufactured using the above liquid crystal composition following the same 
procedures as in Example H. A response speed of this cell was 245 us at room temperature (25 C). 

As has been described above, the liquid crystal compound of the present invention have a wide 
temperature range over which chiral smectic C phase appears and good stability and therefore can be used 
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in a liquid crystal display device without not much limiting its applications. 



Claims 

1 . A compound represented by formula: 



Ra ( O ) a-Ar-X-<^Oy> ( O-hn— Rb 



where Ar represents 



or 




each of Ra and Rb independently represents an optically non-active alkyl group or an optically active group 
20 having an asymmetric carbon atom, one of Ra and Rb being the optically active group, X represents 

- ^ -O- or -O- ^ and each of I and m represents 0 or 1). 

2. The compound according" to claim 1, characterized in that said optically active group is represented 
by formula: 



-eCH2 hr— <?*— R 2 
>3 



where each of R\ R 2 and R 3 independently represents an alkyl group, halogen, cyano, perfluoroalkyl or a 
hydrogen atom, R\ R 2 and R 3 satisfying conditions R 1 # R 2 , R 2 # R 3 and R 3 # R 1 at the same time, and n 
represents an integer from 0 to 1 5). 
35 3. The compound according to claim 2, characterized in that each of R\ R 2 and R 3 independently 

represents an alkyl group or a hydrogen atom, and n represents 0 to 8. 

4. The compound according to claim 1, characterized in that said optically non-active group is a straight 
chain alkyl group having 3 to 18 carbon atoms. 

5. The compound according to claim 3, characterized in that said optically non-active group is a straight 
40 chain alkyl group having 4 to 14 carbon atoms. 

6. The compound according to claim 1, represented by formula: 



45 



R(0) 4 -<0^0>x-<0>- 



(0) m R* 



where R represents said optically non-active group, R* represents said optically active group, and X. £ and 
m are as defined above. 

~~ 7. The compound according to claim 6, characterized in that said optically active group is 2-methylbutyl 
group or 2-octyl group and said optically non-active group is a straight chain alkyl group having 4 to 14 
carbon atoms. 

8. The compound according to claim 1, represented by formula: 

R*(Q)a-<fo5— -^oyx-(o)-(0) m R 



20 
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where R represents said optically non-active group, R" represents said optically active group, and X, £ and 
m are as defined above. 

~~ 9. The compound according to claim 8, characterized in that said optically active group is 2-methylbutyl 
group or 2-octyl group and said optically non-active group is a straight chain alkyl group having 4 to 14 
carbon atoms. 

10. The compound according to claim 1, represented by formula: 




R(O) r(0) CO^X-^CT) -(O)mR* 



where R represents said optically non-active group, R w represents said optically active group, and X, £ and 
/5 m are as defined above. 

~~ 11. The compound according to claim 10, characterized in that said optically active group is 2- 
methylbutyl group or 2-octyl group and said optically non-active group is a linear alkyl group having 4 to 14 
carbon atoms. 

12. The compound according to claim 1, represented by formula: 

20 




R*(OH-<CO/ (o)>-X-<(o)>-(0)rnR 



where R represents said optically non-active group, R" represents said optically active group, and X, l_ and 
m are as defined above. 

~~ 13. The compound according to claim 12. characterized in that said optically active group is 2- 
methylbutyl group or 2-octyl group and said optically non-active group is a straight chain alkyl group having 
4 to 1 4 carbon atoms. 

14. The method of manufacturing a compound represented by formula: 



35 



(wherein Ar represents 



40 




45 each of Ra and Rb independently represents an optically non-active alkyl group or an optically active group 
having asymmetric carbon atoms, one of Ra and Rb being the optically active group, X represents 

- ^ -O-, and each of t and m represents 0 or 1), comprising: 
reacting a carboxylic acid represented by formula: 
50 Ra(0)i-Ar-COOH 

(wherein Ra, Ar and t are as defined above) or a reactive derivative thereof with a hydroxy compound 
represented by formula: 

55 Rb(0)m-<CQ^>-OH 



(wherein Rb and m are as defined above). 
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15. The method of manufacturing a compound represented by formula: 

Ra ( O ) 4 -Ar-X-<(cP) ( O ) m Rb 



(wherein Ar represents 



70 



or 




each of Ra and Rb independently represents an optically non-active alkyl group or an optically active group 
15 having asymmetric carbon atoms, one of Ra and Rb being the optically active group, X represents 

-O- ^ -, and each of i and m represents 0 or 1), comprising: 
reacting a hydroxy compound represented by formula: 
Ra(0)i-Ar-OH 

20 (wherein Ra, Ar and t are as defined above) with a carboxylic acid represented by formula: 

Rb ( O ) m-^cT) -COOH 

25 

(wherein Rb and m are as defined above) or a reactive derivative thereof. 

16. The liquicfcrystal composition containing 5 to 90% by weight of the compound of claim 1. 

17. A liquid crystal display device comprising: 

a pair of electrode substrates arranged to oppose each other with a predetermined interval, at least one of 
30 said pair of electrode substrates being transparent: and 

a liquid crystal composition arranged between said pair of electrode substrates and containing at least one 
compound of claim 1 . 
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